Addressing of massive arrays of piezoelectric actuators is usually achieved by using separate high-voltage output drivers, one per channel. This approach applied to high-order adaptive optics systems results in complex, expensive and vulnerable to handling abuse driver electronics, hardly scalable to 10 3 -10 4 actuators. To reduce the number of identical electronic units and simplify the control, we propose sequential multiplexing of piezoelectric actuators. The relatively large capacitance inherent in mirror piezo-actuators allows for storage of charge (high voltage) on a disconnected actuator retaining its displacement, while other actuators are addressed. As a demonstrator a 12-channel piezoelectric deformable mirror driven by a single high-voltage amplifier has been characterized experimentally. The multiplexing of actuators was accomplished by miniature optical switches. Temporal stability of ~λ/100 was demonstrated at multiplexing frequency of 700 Hz with a full-range ~2 µm inter-actuator stroke. The developed approach can be scaled to higher-order deformable mirrors.
INTRODUCTION
A deformable mirror (DM) is known to be one of the key parts of adaptive optics (AO) systems.
1, 2 A number of scientific 3, 4 , medical 5, 6 , and industrial 2, 5, 7 applications of adaptive optics (AO) being developed at present require relatively inexpensive, reliable, high-quality, e.g. with many degrees of freedom and simple in operation wave-front correctors 8 . In some cases DMs may include hundreds or even thousands of actuation channels, that are becoming quite common nowadays especially in astronomical AO systems 1, 2, 4, [9] [10] [11] [12] . Typically, each DM channel is driven by an individual electronic control unit. In the case of piezoelectric actuators, high-voltage amplifiers with the output voltage ranging from In the case of high-order AO systems, the number of actuation channels may exceed 10 3 -10 4 , resulting in significant amount of electronics and complex multi-wire connection for a high-order DM. All this makes the whole AO system rather bulky, vulnerable to handling abuse and very expensive. Serious problems occur with weight, volume and power dissipation so that the high-order deformable mirror becomes extremely complex in operation. The total cost of the driver electronics for a high-order adaptive optics system may account for two thirds of the total system cost. 2 An attempt to simplify the DM electronics by sequential addressing of actuators was made by Kibblewhite et al. 13 They build a 59-channel piezoelectric faceplate mirror driven by several high-voltage amplifiers (HVA) via 16 high-voltage switches assembled from discrete components. The overall refresh rate was 4kHz with the maximum voltage swing of ~40V on the selected actuator per update. Due to the implementation and control complexity as well as imperfection of the multiplexer in terms of power saving, this approach has not won acceptance. In this work we report on the possibility of high-order piezoelectric DM with internal multiplexing and inexpensive driving electronics that utilizes an algorithm of adaptive addressing. The principle of this approach is that the addressing of piezoelectric actuators is accomplished not continuously but as needed through the look-up table to follow the required DM figure. The simplicity and compactness of the elaborated driver electronics allows it to be integrated with the deformable mirror.
MULTIPLEXING CONTROL

PRINCIPLE OF MULTIPLEXING CONTROL
In the multiplexing mode, only one HVA can be used for an N-channel DM and N switches should be employed (see Fig. 2 above) to allow connecting the output of the HVA with DM channels. At one moment only one channel is connected to the HVA by turning on corresponding switch, while others are disconnected. In the next moment, another switch is turned on and the rest are disconnected. By doing this repeatedly and synchronizing the switches and the HVA outputs, N channels of the mirror can be driven by a single HVA.
It should be noted that a multiplexing technique with subsequent addressing of DM channels requires a pre-generated lookup table (a data array) in the control algorithm that contains values of DM signals for the next addressing cycle. This feature can be used to optimize the overall performance of the mirror by means of adaptive addressing. Taking into account large leakage time ( l t~10s for the actuator capacitance of ~10nF) of the piezoelectric actuators, the DM multiplexing can be organized in a way that only required actuators are addressed in every cycle, while others are updated at the slowest possible rate (~l t / 1 ) to retain their size. Because of the limited bandwidth of the HVA, turn on/off delays of the optotriacs and charge/discharge delays of the piezoactuators, the DM multiplexing and HVA output need to be accurately timed in order to achieve optimal performance of the DM. Otherwise, if there is no synchronization between the controls, inter-channel cross-talks occur resulting in the DM surface inaccuracy.
IMPLEMENTATION OF THE CONTROL SYSTEM
EXPERIMENT
To investigate how the mirror surface stability depends on the multiplexing regimes, we assembled the optical setup shown Proc. of SPIE Vol. 6018 60181F-5 , we can obtain the following expression for the intensity of reflected light: Refresh frequency F, kHz 
RESULTS
CONCLUSION
We have presented multiplexing control for the piezoelectric deformable mirrors. To retain the required DM figure the adaptive address of piezoelectric actuators through the program-based look-up table can be implemented. This permits optimizing the mirror performance and reducing the total power consumption as only those actuators are addressed in the subsequent cycle that are needed. The multiplexing control has been demonstrated using a demonstrator 12-channel facesheet piezoelectric mirror. An rms figure stability of ~λ/100 is obtained for the multiplexing frequencies <3.5kHz. The frequencydependent mechanical inter-actuator stroke of the mirror reaches ~2µm and decays to ~0.1µm as the multiplexing frequency increases from 700Hz to 3.6kHz. The simplicity and small size of the driving electronics employing optotriac high-voltage switches allows it to be integrated with the DM.
The adaptive multiplexing (utilizing miniature optotriac switches) can be scaled to piezoelectric DMs with as much as 10 2~1 0 3 control channels resulting in mirror-integrated inexpensive driving electronics. Compared with a traditional control method, this approach has great advantages in respect of power dissipation, volume cost and scalability and can be suitable for the majority of applications in high-order AO systems.
